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Rough acetolysis r,ntes were measured on 1-OTs and I-OMS in 
sealed ampules containing 0.1 M 1 and 0.2 M NaOAc in 2% acetic 
anhydride in glacial acetic acid at 121.4 f 0.3 "C, using the procedure 
of Young, Winstein, and G ~ e r i n g . ~ ~  1-OTs had a rate constant of 2.1 
X 1.h mol and 1-OMs of 2.8 X I./s mol. 

The acetolysis of I-OTf was followed by NMR analysis, using 0.44 
M 1-OTf and 0.87 M NaOAc. The ester in acetic acid has a sharp 
singlet (19F NMR) at 7116 Hz above CFC13 while trifluorometh- 
anesulfonate ion has one at 6787 Hz. Rate constants for acetolysis 
follow: at 60.0 & 0.3 "C, 1.0 X 
1.1s mol. 

1.h mol; at 70.0 f 0.3 "C, 4.1 X 

Acknowledgment. T h e  authors are indebted to the  Na- 
tional Science Founldation for generous support of this re- 
search under Grant GP 8913X. 

Registry No.-1-O.Ms, 61436-65-5; I-OTf, 61436-66-6; 1-OH, 
6624-25-5; 1-OAc, 61394-44-3; I-"*, 4053-27-4; l-NH&I, 6275-73-6; 
1-OTs, 4427-38-7; 9-OH, 23445-14-9; 9-OAc, 24332-09-0; 10-OH, 
23445-15-0; IO-OAc, 24332-08-9; 11-OAc, 24330-16-3; 12-OH, 
61394-45-4; 12-OAc, 61394-46-5; 13-0" 61394-47-6; 13-OAc, 
61394-48-7; 14, 19978-1 4-4; 15,30122-20-4; 16-OH, 59938-58-8; 16- 
OAc, 59938-57-7; methanesulfonyl chloride, 124-60-3; trifluoro- 
methanesulfonic anhydride, 358-23-6; 3,3-dichlorodibenzotricy- 
cl0[3.2.2.0~~~]nonadiene, 6531-28-8. 

References and Notes 
(1) Part 84: S. J. Cristol and A. L. Noreen, J. Org. Chem., 41, 4016 (1976). 
(2) (a) E. Ciorhnescu, M. Ranciu, R.  Jelescu, M. Rentzer, M. Elian, and C. D. 

Nenitzescu, Tetrahedron Lett., 1871 (1969); (b) Rev. Roum. Chim., 14,911 
(1 969). 

(3) R. S. Beckley, Ph D. Thesis, University of Colorado, 1970. 
(4) See, for example, S. ,I Cristol, G. C. Schioemer, D. R. James, and L. A. 

Paquette, J. Org. Chern., 37, 3852 (1972). 
(5) The possibility that some of these products arise from the sequence 1 -. 

8 - 4 relates to the question of whether 8 is an intermediate rather than 
a transition state on the reaction coordinate. Our experience' on ring- 

opening electrophilic addition to 15 suggests the former. 
(6) Hydrogen migrations in protonated cyclopropanes are well docu- 

mented.' 
(7) R. L. Baird and A. A. Aboderin, J. Am. Chem. SOC., 86, 252 (1964). 
(8) It has previously been shown',* that kinetic control in the 4 P 5 cationic 

system leads to 9 and to 10, with slower rearrangement to 11 species. 
(9) A number of  investigator^^^^^ have suggested direct displacement by nu- 

cleophiles upon diazonium ions, and this was first demonstrated by Collins 
and Benjamin.loh 

(10) (a) J. A. Berson and D. A. Ben-Efraim, J. Am. Chem. Soc., 81,4094 (1959); 
(b) J. A. Berson and A. Remanick, ibid., 86, 1749 (1964); (c) J. G. Traynham 
and M. T. Yang, ibid., 87, 2394 (1965); (d) R. D. Guthrie, ibid., 89, 6718 
(1967); (e) J. H. Bayiess, A.  T. Jurewicz, and L. Friedman, ibid., 90,4466 
(1968); (f) V. T. Albry, J. E. C. Hutchins, R. M. Hyde, and R. H. Johnson, J. 
Chem. SOC. 6, 219 (1968); (g) L. Friedman in G. A. Olah and P. 4. R. 
Schleyer, "Carbonium Ions", Vol. l i ,  Wiley-lnterscience, New York, N.Y., 
1970, p 655 ff; (h) C. J. Collins and B. M. Benjamin, J. Am. Chem. Soc., 92, 
3182 (1970). 

(1 1) For examples and discussions of cyclopropane formation in diazonium ion 
reactions see ref log and J. T. Keating and P. S. Skeil in G. A. Olah and P. 
v. R. Schleyer, "Carbonium Ions", Vol. I/, Wiiey-lnterscience, New York, 
N.Y., 1970, p 573 f f .  

(12) J. P. Kochansky, Ph.D. Thesis, University of Colorado, 1971. 
(13) K. Alder and R. Reubke, Chem. Ber., 91, 1525 (1958). 
(14) (a) J. P. Schaefer, L. S. Endres, and M. D. Moran, J. Org. Chem., 32,3963 

(1967); (b) J. A. Berson, R.  T. Luibrand. N. G. Kundu, and D. G. Morris, J. 
Am. Chem. SOC., 93,3075 (1971). 

(15) K. Alder and E. Windemuth, Chem. Ber., 71, 1939 (1938). 
(16) E. I. Snyder and R. A. Clement, J. Am. Chem. SOC., 82, 1424 (1960). 
(17) Analyses were performed by Galbraith Laboratories, Knoxville, Tenn. 
(18) P. K. Shenoy, Ph.D. Thesis, University of Arizona, 1966. 
(19) J. R. Geigy AG, Netherlands Patent Application 6 412 205 (April 22, 1965); 

(20) T. Gramstad and R. N. Haszeldine, J. Chem. Soc., 4069 (1957). 
(21) V. J. Shiner, Jr., and J. S. Humphrey, Jr., J. Am. Chem. SOC., 85, 2416 

Chem. Abstr., 63, 14788a (1965). 

11 983) 
~ .---,. 

(22) S. J. Cristol and G. 0. Mayo, J. Org. Chem., 34, 2363 (1969). 
(23) S. J. Cristol. R. M. Sequeira, and G. 0. Mayo, J. Am. Chem. Soc., 90,5564 

119681 
(24) N l V &  Bataafsche Petroleum Maatschappij, British Patent 749 723 (1956): 

(25) W. G. Young, S. Winstein, and H. L. -ring, J. Am. Chem. SOC., 73, 1958 
Chem. Abstr., 51, 11371e (1957). 

(1951). 

Mode of Formation of Deoxybenzoin in the Reaction of 
N-Benzyl-a-phenylnitrone with Potassium Hydroxide- tert-Butyl Alcohol 

J. Herbert Hall* and  Matthias R. Gisler 

Department of Chemistry and Biochemistry, Southern Illinois Uniuersity, Carbondale, Illinois 62901 

Received February 13, 1976 

Treatment of N-benzyl-a-phenylnitrone with potassium hydroxide-tert-butyl alcohol was found to give deoxy- 
benzoin. The formation of the deoxybenzoin was found to be the result of base attack on an aldol type condensation 
product ( 7 )  of the nitrone. The latter compound could be formed in moderate yield, by treatment of the nitrone 
with lithium dimsylate. Treatment of the condensation product with potassium hydroxide-tert- butyl alcohol gave 
deoxybenzoin, benzoic acid, benzamide, benzyl alcohol, tetraphenylpyrazine, and a trace of benzaldehyde. A 
scheme is proposed to account for these products. 

In  connection with an  entirely different investigation, 
we had occasion to  treat tribenzylamine N-oxide with potas- 
sium hydroxide in ter-t- butyl alcohol, and  obtained, among 
other products, the ketone, deoxybenzoin (S). l  Since we ob- 
viously had chanced on to  some type of rearrangement reac- 
tion, we undertook to determine the mode of formation of the 
deoxybenzoin. 

T h e  first clue to  the  deoxybenzoin formation was the iso- 
lation of a small amount of N-benzyl-a-phenylnitrone ( I )  from 
the above reaction mixture. With the thought that this nitrone 
might possibly be the  precursor of t he  deoxybenzoin, we 
synthesized the  nitrone in quantity, using a modification of 
the procedure reported by De La Mare and Coppinger.2 
Treatment of the N-benzyl-a-phenylnitrone with potassium 
hydroxide in refluxing tert- butyl alcohol did indeed give 
deoxybenzoin, along with a number of other products. 

One of the possible mechanistic pathways for the formation 
of the deoxybenzoin from the  nitrone is given in Scheme I. 
According to this scheme the  anion of the  nitrone undergoes 
ring closure to the anion of an  N-hydroxyaziridine (3), which 
subsequently could undergo C-N bond cleavage to ultimately 
give deoxybenzoin oxime (5 ) .  The  observed deoxybenzoin 
could then be formed on workup in aqueous solution. How- 
ever, examination of the reaction products failed to reveal the 
presence of any of the  oxime (5 ) .  Further, refluxing of an  au- 
thentic sample of deoxybenzoin oxime with potassium hy- 
droxide-tert- butyl alcohol, followed by the  same workup of 
the reaction as used with the  nitrone, gave only recovered 
oxime and no deoxybenzoin. This result apparently eliminates 
Scheme I. 

A second clue to the deoxybenzoin formation was found 
when we succeeded in isolating from the  nitrone ( l ) ,  KOH.  
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tert- butyl alcohol reaction a small amount of a solid, m p  196 
O C. Elemental analysis suggested that this compound had the 
same empirical formula as the starting nitrone. Tha t  this 
product was a dimer was shown by its mass spectrum with the 
parent peak a t  mle 422. Other peaks noted were at mle 405, 
parent minus OH; 386, parent minus 0 and HzO; 301, parent 
minus C&$HNOH; 21 1, C ~ H ~ C H Z N O = C H & I ~ ;  180, 

CsHbCN; and 91, CsHSCHz. On the basis of this data,  and  on 
the NMR and IR spectra, the compound was assigned the 
structure 7. The UV spectrum of 7 in chloroform exhibited a 

C&jCH=CHCsH5; 121, C6H5CHNOH; 105, CsH5CNzN; 103, 

OH 
I 

I 

CcHjCH2NCHC6H, 
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CBHjCH=NCHC6Hj 

0 
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peak a t  298 nm, characteristic of the nitrone linkage.3 Irra- 
diation of the chloroform solution of 7 with UV caused dis- 
appearance of the 298-nm absorption as expected, since ni- 
trones are known to be converted to  oxaziridines under these 
condition~.3-~ 

Basically, 7 is an  aldol type condensation product. A few 
other examples of nitrones undergoing an  aldol type con- 
densation have been r e p ~ r t e d . ~ - ~  I t  was subsequently found 
that  7 could be formed in moderate yield by treatment of the 
nitrone 1 with lithium dimsylate in dimethyl sulfoxide. 
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I 

C,H,CH,N= CH C,H, 
BH -1 - 7 

C,H,CH=NCHC,H, 
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Treatment of the condensation product (7) with refluxing 
potassium hydroxide-tert- butyl alcohol was found to  give a 
high yield of deoxybenzoin along with benzoic acid, benzam- 
ide, benzyl alcohol, tetraphenylpyrazine, and a trace of 
benzaldehyde. This observation revealed that  the real pre- 

cursor of the deoxybenzoin was the aldol type condensation 
product. 

This opens the question as to  the pathway by which 7 gives 
rise to  deoxybenzoin. One possibility is that  7 is destroyed in 
the basic media and gives rise to  diphenylacetylene, which 
subsequently adds water, perhaps as shown in Scheme 11. 

Scheme I1 

However, we were unable to  isolate diphenylacetylene from 
the reaction mixture. Further, when diphenylacetylene was 
treated with potassium hydroxide in tert-  butyl alcohol, we 
were unable to detect deoxybenzoin or isobutylene. 

One possibility, which accounts not only for the formation 
of deoxybenzoin, bu t  also explains the formation of most of 
the other observed products, is given in Scheme 111. Hydrolysis 
of the nitrone linkage, followed by the elimination of hy- 
droxylamine, would give 11. Oxidation of 11 could be expected 
to  give the nitrone 12. Rearrangement of the nitrone to  the 
vinyl amide, followed by hydrolysis, would account for the 
formation of deoxybenzoin, benzoic acid, and benzamide. The 
benzyl alcohol and additional benzoic acid would be formed 
by the Cannizzaro reaction. 

The alternative formation of 11 in a single step by elimi- 
nation of benzaloxime from 7 can be discarded, since ben- 
zaloxime is not hydrolyzed under these conditions to  benzal- 
dehyde and consequently benzyl alcohol would not be a 
product. A second alternative involving the elimination of 
N-benzylhydroxylamine to  give the nitrone 12 directly can 
also be discarded. When N-benzylhydroxylamine was refluxed 
with potassium hydroxide-tert- butyl alcohol, no benzyl al- 
cohol could be detected in the product. 

Oxidation of 11 to  12 is apparently effected by peroxides 
in the potassium hydroxide. Oxygen can be excluded, since 
the reaction was run in an  argon atmosphere. 

The rearrangement of nitrones to  amides using sodium 
ethoxide was reported by Chardonnes and Heinrich,lo pro- 
viding precedence for conversion of 12 to  13-14. The vinyl 
amide 13 is a known compound, and i t  has been reported to 
give deoxybenzoin 2,4-dinitrophenylhydrazone on treatment 
with 2,4-dinitrophenylhydrazine under acidic conditions.ll 
Spectral evidence suggests that  13 exists as the vinyl amide 
rather than the tautomeric Schiff base 14.11 However, in the 
basic media used here, both forms are probably present. Nu- 
cleophilic attack on the carbonyl of 13 would give rise to 
benzoic acid and the imine of deoxybenzoin. The latter would 
be hydrolyzed to  the ketone during workup. Nucleophilic 
attack on the Schiff base 14 would give rise to  benzamide and 
deoxybenzoin directly. Compound 13 was prepared and re- 
fluxed in tert- butyl alcohol containing potassium hydroxide. 
Workup of the reaction did indeed give benzoic acid, benz- 
amide, and deoxybenzoin. 

According to  Scheme 111,l.O mol of 7 should give rise to  1.0 
mol of deoxybenzoin, 0.5 mol of benzyl alcohol, and 1.5 mol 
of benzamide plus benzoic acid. The  isolated ratio of these 
products produced was found to  be 1.00.48:1.6, in reasonable 
agreement with Scheme 111. 
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The tetraphenylpyrazine, isolated in 4% yield, most likely 
arises by intramolecular aldol condensation of 7, followed by 
elimination of water and air oxidation. 

OH 
I 

OH 

U 

Experimental Section 
N,N-Dibenzylhydroxylamine. A modification of the procedure 

of De La Mare and Coppinger2 was used. a-Chlorotoluene (63 g, 0.5 
mol), hydroxylamine hydrochloride (17.4 g, 0.25 mol), and sodium 
carbonate (87 g, 0.82 mol) were refluxed in 1 1. of methanol-water (3:l) 
for 4 h. The solvent was removed under vacuum and the residue was 
triturated with chloroform. The chloroform extracts were dried over 
magnesium sulfate and then evaporated to give the crude product. 
Recrystallization from isooctane-ethanol (3:l) gave 28.6 g (53.7%), 
mp 123 "C (lit.2 mp 123-124 "C). 
N-Benzyl-a-phenylnitrone. The following modification of the 

De La Mare and Coppinger2 procedure was used. N,N-Dibenzylhy- 
droxylamine (10.0 g, 0.047 mol) and tert- butyl hydroperoxide (5.0 g, 
0.055 mol) were refluxed in 80 ml of benzene for 10 h. The solution 
was cooled and dried over magnesium sulfate. Removal of the solvent 
under vacuum gave the crude product. Recrystallization from ben- 
zene-petroleum ether (1:2) gave 6.0 g (60.5%), mp 82" (lit.2 82-83 
"C). 

Reaction of N-Benzyl-a-phenylnitrone with Potassium Hy- 
droxide in tert-Butyl A.lcoho1. In 50 ml of tert-butyl alcohol were 
placed 10 g of powdered potassium hydroxide and 2.00 g (9.50 mmol) 
of N-benzyl-a-phenylnitrone. The heterogeneous mixture was re- 
fluxed for 8 h. Most of the tert-butyl alcohol was removed under 
vacuum a t  70 "C. The residue was treated with ice water and the re- 
sulting mixture dried over magnesium sulfate and then evaporated 
to give 1.24 g of organic material. The aqueous layer was acidified and 
extracted with chloroforn~. The extracts were dried over magnesium 
sulfate. Evaporation of the chloroform gave 0.79 g of benzoic acid, 
contaminated with a trace of benzaldehyde, as shown by the NMR 
spectrum. 

The 1.24 e of neutral material from above was redissolved in chlo- 
roform andblaced on a basic alumina column (Camag 5016-A). Elu- 
tion with chloroform gave the following fractions: A, 0.120 g; B, 0.477 

g; C; trace; D, 0.475 g. Elution with methanol gave fraction E, 0.170 
g. 

Fraction A was recrystallized from absolute ethanol to give a white 
solid, mp 249 "C. The NMR and IR showed only aromatic protons. 
The compound was identified as tetraphenylpyrazine by its spectral 
properties, elemental analysis, and reported melting point (lit.12 
249-250 "C), yield 7%. 

Fraction B was a solid, mp 53-55 OC, identified as deoxybenzoin 
by IR, NMR, and mixture melting point with an authentic sample, 
yield 51.4%. 

Fraction D was a liquid identified as benzyl alcohol by NMR and 
IR, yield 46.3%. 

Fraction E was found to be benzamide by NMR, IR, and mixture 
melting point, yield 14.8%. After recrystallization from benzene, it 
melted at 129 "C. 

Aldol Condensation Product (7)  from Treatment of N-Ben- 
zyl-a-phenylnitrone with Lithium Dimsylate. To 20 ml of di- 
methyl sulfoxide (spectroquality, 99.85%) in an argon atmosphere was 
added 3.00 ml of 1.66 M n-butyllithium (5.00 mmol). After 10 min, 
2.00 g (9.50 mmol) of N-benzyl-or-phenylnitrone was added all at once. 
The mixture was stirred a t  room temperature under an argon atmo- 
sphere. The mixture turned a deep purple and then to a dark brown 
after 10 min. After 30 min, the reaction mixture was diluted with water 
(color changed to bright yellow) and the product extracted with 
chloroform. The extracts were dried over magnesium sulfate. Evap- 
oration of the solvent gave 2.00 g of solid residue. Recrystallization 
from alcohol gave 0.60 g (30%) of 7, mp 196 "C. See text for spectral 
data (UV and mass). NMR (Hz) 217, m (broad), 2-H; 247, s, 2-H; 324, 
s, 1-H; 433, m, 20-H; 460, s, 1-H. IR (cm-l) 5000 (OH), 1575 (C=N), 
and 1280 (N-0). 

Anal. Calcd for C28H26N202: C, 79.59: H, 6.15; N, 6.63; mol wt, 422. 
Found: C, 79.42; H, 6.24; N, 6.56; mol wt, 422. 

Reaction of Aldol Condensation Product (7)  with Potassium 
Hydroxide in  tert-Butyl Alcohol. In 50 ml of tert- butyl alcohol 
were placed 12 g of finely powdered potassium hydroxide and 2.00 g 
(4.74 mmol) of the aldol condensation product, 7. The mixture was 
refluxed for 5 h. Most of the alcohol was removed under vacuum at 
70 OC. The residue was treated with ice water and the product ex- 
tracted with chloroform. The extracts were dried over magnesium 
sulfate and evaporated under vacuum, to give 1.38 g of neutral 
products. 

The aqueous layer was acidified and extracted with chloroform. 
After drying over magnesium sulfate, the extracts were evaporated 
to give 0.57 g (0.048 mol) of benzoic acid, containing a trace of benz- 
aldehyde. 

The neutral fraction (1.38 g) was separated on a basic alumina 
column (Camag 5016-A) to give the following fractions: A, 0.082 g; B, 
0.672 g; C, 0.273 g; D, 0.180 g; E, 0.103 g. Fractions A-D were eluted 
with chloroform and fraction E with methanol. A was tetraphenyl- 
pyrazine, mp 249 "C, yield 4%; B was deoxybenzoin, mp 53-55 "C, 
yield 72%; C was a mixture of unidentified materials; D was an oil and 
was identified (IR, NMR) as benzyl alcohol, yield 72%; and E was 
benzamide, yield 18%. 

Reaction of 13 with Potassium Hydroxide in tert-Butyl Al- 
cohol. The procedure above was repeated using 1.00 g of 13." Workup 
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as above gave benzamide, 0.17 g; benzophenone, 0.48 g (purified as 
the 2,4-dinitrophenylhdyrazone); benzoic acid, 0.12 g; and unreacted 
13, 0.09 g. 

Reaction of N-Benzylhydroxylamine with Potassium Hy- 
droxide in tert-Butyl Alcohol. The procedure above was repeated 
using 1.00 g of N-ben~ylhydroxylamine.'~ The neutral fraction was 
examined by IR and NMR and found to contain neither benzaldehyde 
nor benzyl alcohol. 
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Upon warming to  room temperature, cis- or trans -1-phenyl-3,3-(2,3-dimethyl)ethylenetriazene decomposes to 
form cis- or trans-2-butene and phenyl azide with retention of configuration. The decomposition reaction is first 
order, with an activation energy of 32 kcal/mol. Low-temperature NMR studies suggest that there is a hindered 
rotation in the trans compound with an activation energy of 5.7 kcal/mol. A mechanism has been proposed for the 
decomposition reaction that is consistent with orbital symmetry rules. 

Ethylenediazene and N-nitrosoaziridine have been re- 
ported to be unstable, decomposing below room temperature 
to form ethylene and the corresponding inorganic compound.2 
In both cases the reaction has been reported to  be stereospe- 
cific with retention of conf ig~ra t ion .~a ,~  

Woodward and Hoffman4 have considered these two sys- 
tems from the viewpoint of orbital symmetry. They concluded 
that both reactions proceed by a nonlinear pathway in which 
the nonbonding electron pair on the nitrogen atom originally 
in the ring comes from the antisymmetric molecular orbital 
of the triazene. In the case of the nitrosamine, they recognized 
two possible pathways by which this could take place. In the 
first pathway (mechanism A), the nitrous oxide molecule was 

Mechanism A 

visualized as leaving orthogonal to  the plane bisecting the 
aziridine ring. In the second pathway (mechanism B), the 

Mechanism B 

nitrous oxide molecule was visualized as remaining in the 
plane bisecting the aziridine ring. 

With little direct experimental data available, Woodward 
and Hoffman suggested that mechanism A was more probable 
than mechanism B. This suggestion was based on the obser- 
vation that  the barrier to  rotation in dimethylnitrosamine is 
23 kcal/mo15 while the barrier t o  decomposition of trans - 
2,3-dimethyl-N-nitrosoaziridine is only 16 kcal/mol.2a T o  the 
extent that it is valid to extrapolate from dimethylnitrosamine 
to N-nitrosoaziridine, i t  appears that  the compound would 
decompose before it could achieve the correct conformation 
for mechanism B. 

Because of the lack of direct experimental evidence con- 
cerning the difference between mechanisms A and B, we felt 
that  it would be enlightening to  investigate another chele- 
tropic three membered ring decomposition. We chose the 
thermal decomposition of l-phenyl-3,3-( 2,3-dimethyl)ethy- 
lenetriazene (I) because i t  could be isolated and purified, it 

I 
I I  
N 

N 
I 
Ph 
I 

decomposed readily, and no stereochemical or mechanism 
work had been reported. 

P repa ra t ion  of l-Pheny1-3,3-(2,3-dimethyl)ethylene- 
tr iazene. Phenyl-substituted ethylenetriazenes were first 
reported by Rondestvedt and Davis: who found that  they 
were unstable, decomposing to  form ethylene and phenyl azide 


